SUMMARY Endometrial biopsies were obtained from 32 women with suspected pelvic inflammatory disease, of whom 23 (72%) had histopathological evidence of endometritis. Chlamydia trachomatis was isolated from the endometria of nine (39%) women (chlamydia group) but not from the other 14 (non-chlamydia group). Severe plasma cell endometritis and lymphoid follicles with transformed lymphocytes were significantly more common in the chlamydia group than in the non-chlamydia group. This suggests that C trachomatis is an invasive endometrial pathogen which often causes severe inflammation. The association was independent of predisposing factors such as use of intrauterine contraceptive devices.
Chlamydia trachomats is the most important cause of acute pelvic inflammatory disease.' Cervical chlamydial infection ascends intraluminally to the upper genital tract, the endometrium, and fallopian tubes.23 C trachomatis has been directly isolated from the fallopian tubes of women with acute salpingitis. ' Endometritis as an intermediate state of such ascending chlamydial infection has been little studied, and only a few cases of C trachomatis associated endometritis have been reported.4-8 Thus the histopathological characteristics of this infection are largely unknown. We have investigated the histopathological manifestations of chlamydial and non-chlamydial endometritis associated with pelvic inflammatory disease.
Material and methods

STUDY POPULATION
The study population consisted of Accepted for publication 21 February 1985 genital tract within the previous month were excluded from the study. Patients were evaluated as previously described.9 All patients underwent laparoscopy and endometrial biopsy after the nature of the procedures had been fully explained and informed consent obtained.
COLLECTION OF SPECIMENS
Specimens for isolation of C trachomatis, Neisseria gonorrhoeae, Mycoplasma hominis, Urea plasma urealyticum, herpes simplex virus, and facultative and anaerobic bacteria were obtained from the cervix, endometrium, fallopian tubes, and cul de sac as described previously.'0 Endometrial specimens were obtained during general anaesthesia by transcervical aspiration. The cervix was first wiped carefully and a sterile disposable fertility cannula (Pro-Ception, Milex Co, USA) was inserted into the endocervical canal through the internal os. When the catheter was in place, the stylet was removed, and a disposable baby feeding catheter was inserted through the cannula beyond the internal os until it touched the uterine fundus. A 10 ml syringe was then attached to the catheter and endometrial material was aspirated for isolation of the micro-organisms. A (Fig. 2 ). Lymphocytes and plasma cells were also found in larger focus like aggregates, which sometimes became confluent. The density of the endometrial stroma was more prominent than in mild endometritis. Endometritis was considered severe when pronounced diffuse infiltrations of plasma cells were seen all over the biopsy specimen replacing the endometrial stroma (Fig. 3) Table 1 shows the correlation of histological findings with selected demographic and clinical findings. There were more women with moderate and severe endometritis using intrauterine contraceptive devices than those with mild endometritis and they also had longer histories of symptoms. There was a significant correlation between the severity of endometritis and the acute phase erythrocyte sedimentation rate.
ISOLATION OF SPECIFIC MICRO-ORGANISMS FROM THE ENDOMETRIUM
C trachomatis was the most prevalent organism: it was isolated from the endometrium of nine women and from the cervix of 10. Three women had C trachomatis isolated from the cervix but not from the endometrium, and two women had C trachomatis isolated from the endometrium but not from the cervix. Three women had C trachomatis isolated from the cervix, endometrium, and fallopian tubes. C trachomatis was the only organism isolated from the endometrium in three cases, and in six cases other organisms were isolated as well ( (Table 2 ). There was no correlation of the isolation of C trachomatis with the isolatiQn of other specific micro-organisms from the endometrium ( Paavonen, Aine, Teisala, Heinonen, Punnonen, Lehtinen, Miettinen, Gronroos presence or absence of an intrauterine contraceptive device, the association between pathological evidence of severe endometritis and the isolation of C trachomatis from the endometrium was even more pronounced (p = 0.0013) among those women who were not using intrauterine contraceptive devices.
The histopathological picture of severe endometritis was characterised by pronounced diffuse inflammatory infiltrates of plasma cells, and lymphocytes were seen in the endometrial stroma throughout the biopsy specimen. Lymphoid folliclts with transformed lymphocytes were seen in six (75%) of the eight patients who had positive endometrial cultures for C trachomatis (one case with a relatively small biopsy specimen showed severe inflammation but follicular structures were not seen) compared with none of those without C trachomatis isolated from the endometrium (p = 0-0004). In three cases the lymphoid follicles were small and in three cases medium sized or large. The cells comprising these lymphoid follicles were large or medium sized transformed lymphocytes with abundant pyronin positivity in the cytoplasm. Starry sky phagocytes were seen infrequently. Dense infiltrations of plasma cells was usually seen in the periphery of these lymphoid follicles. Fig. 4 shows a typical lymphoid follicle. No correlation was found between the presence of polymorphonuclear leucocytes and the isolation of C trachomatis (Table  2) . One patient with chlamydial endometritis had small numbers of eosinophils.
Other inflammatory changes such as cytoplasmic eosinophilia and squamous metaplasia of the surface epitheliumn, as well as focal inflammatory infiltrations of the endometrial glands (microabscesses), were more common in severe endometritis, but no significant differences were found between cases with or without C trachomatis. Intracytoplasmic inclusions in swollen epithelial cells were seen in one case with C trachomatis isolated from the endometrium.
Fibrous tissue was seen in two (25%) cases in which C trachomatis was isolated from the endometrium and in four (29%) cases in which C trachomatis was not isolated. One of the latter four women had C trachomatis isolated from the cervix.
Neither of the two women with N gonorrhoeae isolated from the endometrium had lymphoid follicles present. One had moderate superficial endometritis with 2+ plasma cells, and the other had mild diffuse endometritis with 1 + plasma cells. Epitheloid cell granulomas with necrosis and giant cells of Langhans' type were not seen in any of the specimens.
Discussion
Endometritis is often an obscure entity to pathologists, although it is commonly seen in uterine curettings obtained after abortion and parturition. 23 Furthermore, histopathological studies among infertile patients have shown that endometritis is not an uncommon finding.2' 24 The presence of plasma cells within the endometrium is generally accepted as a histopathological definition of endometritis. 22 The presence of polymorphonuclear leucocytes and lymphocytes are not included because they can also be found during the normal menstrual cycle.
In this study histopathological evidence of endometritis was found in 72% of 32 patients refer- We found that C trachomatis was the most prevalent (39%) micro-organism isolated from the endometrium. A previous study by Stray-Pedersen et a!24 implicated mycoplasmas in the aetiology of endometritis, but they did not control for C trachomatis. In the present study none in the chlamydia group had mycoplasmas isolated, whereas in the non-chlamydia group U urealyticum was isolated from three women and M hominis was isolated from four. Since C trachomatis was the most prevalent organism isolated and there were no significant differences between those with and those without C trachomatis in the presence of other micro-organisms, it is conceivable that the histopathological differences observed between the two groups were caused by C trachomatis and not by other organisms.
We isolated N gonorrhoeae from the endometrium in three cases only (one patient had C trachomatis isolated as well). One patient with gonococcal endometritis had mild and the other patient had moderate endometritis. Because We found that severe endometritis and lymphoid follicles comprising transformed lymphocytes were significantly more common in the chlamydial endometritis group than in the non-chlamydial endometritis group, which suggests that C trachomatis is an invasive endometrial pathogen.
Not unexpectedly, use of an intrauterine contraceptive device was also associated with the severity of endometritis. After excluding women using these devices, however, the difference between the two groups remained significant. We also found that the presence of microabscesses was more common among those with chlamydial infection (38% v 21%). Interestingly, some of these findings, such as severe inflammation with active lymphoid follicles, are close to those described in chlamydial eye infection (trachoma) and chlamydial cervicitis. [26] [27] [28] [29] [30] Previous studies have described severe endometritis associated with C trachomatis in a limited number of cases-8 but no uniform criteria, have been used and no detailed histopathological description of the infection has been given. Furthermore, the presence or absence of micro-organisms other than C trachomatis has generally not been studied.
In one recent study8 histopathological examination showed pronounced inflammation of the endometrium in four of eight patients from whom endometrial biopsies were obtained. Endometrial cultures of two of the four patients were positive for C trachomatis. Moller et all reported one case with "follicular lymphoid endometritis" probably representing a morphological finding similar to that described in our study.
Further studies are now warranted to characterise in detail the nature of the lymphoid hyperplasia associated with chlamydial endometritis. It is conceivable that the lymphoid hyperplasia indicates a strong B cell activation caused by C trachomatis. In vitro C trachomatis stimulates human peripheral blood B lymphocytes to proliferate and secrete polyclonal immunoglobulins.3' In vivo, however, the immunopathological phenomena associated with chlamydial pelvic inflammatory disease are as yet largely unknown. Genital infections caused by C trachomatis have been recognised as a major public health problem with serious sequelae in women such as infertility and pregnancy associated morbidity.
Clinically unrecognised endometritis and salpingitis undoubtedly occur among women with "asymptomatic" chlamydial infection since less than half of the women with tubal infertility have a history of frank pelvic inflammatory disease.32
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